If ringbarking is effective for the reasons given, the amount of Armillaria inoculum in the soil following 4 ringbarking and timber harvesting would be reduced compared to after timber harvesting without 5 ringbarking. In addition, the populations of fungi competitive to Armillaria will be elevated in a ring 6 barked stand compared to a clear felled stand without ringbarking with or without root removal 7 (stumping). Stumping has also been proposed as a means of reducing the inoculum potential of root 8 disease causing Armillaria, but it has been shown to be theoretically (Kromroy et al. 2005 ) and 9 operationally (Chapman et al. 2011 ) ineffective for controlling Armillaria root disease. Stumping is still 10 used for Armillaria root disease mitigation in some areas which suggests disagreement on its efficacy. 11
Stump removal should reduce the total amount of inoculum but it would not promote (and in fact might 12 decrease) dead wood inhabiting fungi which are competitive with Armillaria root disease causing fungi. Six paired plots were installed at each of three sites. One plot in each pair was ring barked prior to 2 harvest and the other was not. Each plot consisted of 20 to 50 mature trees located within a contiguous 3 area with varying levels of understory trees. Each pair of plots was chosen so that the plots within the 4 pair were similar in levels of Armillaria root disease (determined by visual assessment of Armillaria signs 5 and symptoms), similar in stand characteristics (e.g. ratio of overstory to understory trees), and in as 6 close proximity to each other as was practicable. Treatment was randomly assigned within the pairs. 7 8 Treatments 9
Ringbarking was applied in late summer and early fall and was accomplished by sawing through the bark 10 with a "Chainsaw in a Can". The brand of saw used no longer seems to be on the market but similar 11 devices are. The saw is a chain with teeth similar to a chainsaw chain except it is pulled back and forth 12 by hand. Hand sawing the bark gave good control of the depth of cut. Contact with the xylem was 13 detectable by the change in sawdust colour and so bark and phloem could be cut with minimal damage 14 to the xylem. Each tree was completely circled with two horizontal cuts extending to or through the 15 phloem and located approximately 15cm apart. The bark and phloem were stripped from the tree with 16 a mallet and chisel after the bark was cut through. 17 
18
Three of the pairs of plots at each trial site were harvested after 1 year and the other three after 2 years. 19
Both plots in a pair were harvested at the same time, i.e., at the end of a one or two year period after 20 ring barking. The cut trees were extracted with horses to minimize damage to residual live understory. 21
The plots were fill planted in the third spring following harvesting with container grown Douglas-fir to a 22 D r a f t density of 1200 stems/ha. Small areas of residual understory within the plots were sometimes stocked 1 at much higher rates than 1200 stems/ha but they were not spaced. 2
Measurements 4
The plots were evaluated at intervals after harvesting but only the findings from 15 years after 5 harvesting are reported here. The plots were assessed by counting the total number of trees and 6
Armillaria killed trees greater than 0.5m tall and located within a 2 metre radius of stumps with a cut 7 surface diameter of greater than 15 cm. A minimal height restriction was used because smaller trees 8 decay quickly and in many cases cannot be found a few years after death. The mortality rate was 9 determined as the percentage of putatively Armillaria-killed trees over total trees counted. Death by 10
Armillaria was confirmed by the presence of Armillaria root-disease-characteristic mycelial fans in the 11 phloem at the base of the dead trees. While the presence of mycelial fans is not considered to be an 12 absolute indicator, it is so well correlated with death by Armillaria in the study area that the proportion 13 of misdiagnoses likely to be made based on this characteristic is unimportant for this trial. 14 D r a f t Page 8 of 10
There was little difference in the mean mortality by duration of ringbarking and the low power of this 1 preliminary trial did not support another treatment so the duration treatments were combined into one 2 treatment for analysis. 3 4 The mean mortality rate over the duration of the trial was 0.12 (0.8%/a) in the treated plots versus 0.27 5 (1.8%/a) in the untreated plots. The reported mortality rates in the untreated plots are similar to what 6 occurs in the vicinity of this trial after timber harvesting in Armillaria affected blocks. Annual mortality 7 rates in the range of 1 to 3% per year are typical for the area (Chapman et al. 2004 ). The paired t-test 8
showed that the mean differences could be considered statistically significant with P(T<=t) one-tail of 9 0.034. The ANOVA showed that treatment, and treatment X site effects could be considered significant 10 with P<0.05 but site was also marginally significant with P=0.07. For all three sites, the proportion of 11 trees killed by Armillaria was smaller in the treated than the untreated plots. experimented with chainsaw driven debarking tools used in the log home building industry. Such 7 implements can ringbark very quickly which makes the treatment very inexpensive compared to, for 8 example, root removal treatments (stumping or stumping and root raking). In Southern British 9
Columbia, Douglas-fir beetle (Dendroctonus pseudotsugae) is a common pest of Douglas-fir. It attacks 10 large, old, weak and stressed trees. We have noted that the beetle attacks ring barked trees and have 11 experimented with anti-aggregation pheromones to reduce the infestation of treated trees. A better 12 strategy for using ring barking in areas affected by Douglas-fir beetle might be to plan to harvest the 13 trees in such a way that they could be used as trap trees for the beetle and so simultaneously reduce 14 incidence of that pest. 
